A gas of atoms that is cooled by velocity-selective coherent population trapping (VSCPT) [1 I ideally ends up in an entangled superposition of states with different spin and center-of-mass momenta. Since this state is not only a periodic state of matter but also a dark state for the pair of counterpropagating pump lasers, the optical properties of a VSCPT gas are very interesting.
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We demonstrate theoretically that the entangled coherences of an atomic VSCPT gas give rise to a distinctive optical signal, a backscattered beam of light, when the VSCPT gas is probed with a weak signal laser pulse. This signal is absent when the entangled atomic state is replaced by an incoherent mixture of the same spin-momentum states. We estimate the magnitude of the effect both for atoms in the ideal VSCPT state and for a mixture of atoms with a nite momentum width and predict that the backscattered beam should be observable for a VSCPT gas of Rubidium atoms under realistic conditions.
If the probe pulse and the pump beams are simultaneously applied the VSCPT gas also exhibits the phenomenon of electromagnetically induced transparency (EIT). Due to the coupling between the probe pulse and the backscattered pulse, the propagation of the beam is more complex than usual. In addition, the backscattered pulse is split into two parts because of the EIT dispersion relation.
We furthermore show that, despite being a periodic state of matter, a VSCPT gas does not lead to photonic band gaps in the spectrum of the probe beam. Finally, we investigate the behaviour of a quantized probe eld of light in a VSCPT gas.
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